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A B S T R A C T  

T h i s  r e p o r t   d e s c r i b e s   m e t h o d s   f o r   c a l c u l a t i n g   p u l s e -  
h a n d l i n g   c a p a b i l i t i e s  of v a r i o u s   r e s i s t o r   t y p e s .  The 
work r e p r e s e n t s  a compilat ion of s tudies   der ived  f rom 
v a r i o u s   w u r c e s ,   a s   i n d i c a t e d  i n  the   b ib l iography.  The 
r e s u l t s   i n d i c a t e   t h a t   r e s i s t o r s  may be sub jec t ed   t o  
sho r t -du ra t ion   pu l se s   exceed ing   t he i r   r a t ed  powers 
without   sustaining  permanent  damage. 



- In t roduc t ion  

A l l  t y p e s   o f   r e s i s t o r s   a r e   c a p a b l e  of wi ths tanding   shor t   dura-  
t i on   sp ikes   above   t he i r   con t inuous   r a t ed  power l e v e l s .  However, 
the i r   per formance   var ies   depending   on  t h e  cons t ruc t ion .  Where- 
ever p o s s i b l e ,  wirewound, i nduc t ive ly  wound s t y l e s   s h o u l d  be 
spec i f i ed   fo r   pu l se   app l i ca t ions .   Manufac tu re r s   p rov ide  nomo- 
g r a g h s   a n d   c h a r t s   f o r   s e l e c t i n g   a p p r o p r i a t e   r e s i s t o r s   f o r  
s p e c i f i c   p u l s e   a p p l i c a t i o n s .  

More s u s c e p t i b l e   t o   p u l s e   d e g r a d a t i o n   a r e   m e t a l   g l a z e ,  t h i c k  
f i l m ,  m e t a l l i c  t h i c k  f i l m ,  carbon  composition,  and  carbon f i l m  
r e s i s t o r   t y p e s - - t h e   l a t t e r   b e i n g   l e a s t   a b l e   t o   w i t h s t a n d   h i g h  
vol tage   sp ikes .  

- F a i l u r e  Modes 

Under h igh -ene rgy   pu l se   cond i t ions ,   r e s i s to r s   f a i l   because   o f  
i n a b i l i t y  t o  d i s s ipa t e   hea t   gene ra t ed  d u e  t o  t h e  e l e c t r i c a l  
energy of  t he   pu l se .   Fa i lu re  may occur   a s  a c a t a s t r o p h i c  
s h a t t e r i n g  of t h e   r e s i s t o r ,   i n t e r n a l  breakdown caus ing   the  
r e s i s t i v e   e l e m e n t   t o   o p e n ,   o r   a r c i n g   a c r o s s  t h e  r e s i s t o r   c a s i n g  
(no t   hea t   r e l a t ed ) .  A change i n  res i s tance   va lue   fo l lowing   pu lse  
a p p l i c a t i o n   c a n   a l s o  be  considered a f a i l u r e .  No v a l i d  method 
of p r e d i c t i n g   f a i l u r e  mode was found,  although  magnitude  and 
r e p e t i t i o n   r a t e  of p u l s e   a p p l i c a t i o n   a r e   r e l a t e d   t o  t h e  s e v e r i t y  
o f   t h e   f a i l u r e .  

The amount of  energy t o  be d i s s ipa t ed   t h rough  a g i v e n   r e s i s t o r  
i s  dependent on  the   vo l t age ,  t h e  d c   r e s i s t a n c e ,  and t h e  time o r  
pu lse   l ength .  For r epe t i t i ve   squa re - shaped   pu l se s ,   t he   du ty  
cycle  m u s t  a l s o  be c o n s i d e r e d .   I n i t i a l l y ,   c a l c u l a t e   t h e   p u l s e  
power : 

where I? = pulse  power i n  w a t t s  
V = pulse   vo l tage  i n  v o l t s  
R = r e s i s t a n c e  i n  ohms 

The energy of  t he  p u l s e  i s  t h e n  der ived:  
E = P t  

when E = energy  (wat t -seconds  or   Joules)  
t = pu l se   du ra t ion  i n  seconds 

4 



next,   watt-seconds  per ohm are   found:  E - 

I 

Now,  t he   ene rgy- re s i s t ance   cha r t  (Appendix I )  i s  en te red   fo r  Dale 
wirewound r e s i s t o r s  w i t h  the  energy  per  ohm va lue   equa l   t o   o r  
grea te r   than   the   ca lcu la ted   va lue .   Fol low  tha t   hor izonta l   l ine  
u n t i l  the   des i red   res i s tance   o r   next   h igher   va lue  i s  found. The 
r e s i s t o r   s t y l e s  shown a t   t h e   t o p  of t h e  column a r e   t h e   s m a l l e s t  
s i z e   c a p a b l e  of handl ing   the   pu lse .  

For TRW-IRC wirewound r e s i s t o r s ,   c u r v e s   a r e   p r o v i d e d  showing 
wat t -seconds  versus  ohms. TherefQre,  i t  i s  not   necessary   to  
determine  watt-seconds  per ohm, but  merely  watt-seconds and t h e  
des i red   va lue .  Appendix I1 then   p rov ides   t he   appropr i a t e  I R C  
s t y l e  wirewound r e s i s t o r s   f o r  a g iven   appl ica t ion .  

The above   p rocedures   a r e   va l id   fo r   s ing le   pu l se   app l i ca t ions   o r  
r e p e t i t i v e   p u l s e s  of l e s s   t h a n  1 0 0  mi l l i second w i d t h  f o r   s h o r t  
du ra t ion   o f   f i ve   s econds   o r   l e s s .  For pu l se   cha in   app l i ca t ions ,  
the   average  power i n  add i t ion   t o   i nd iv idua l   pu l se   ene rgy  m u s t  be 
considered.  The average   pu lse  power i s  der ived  f rom  the  s ingle  
energy   pu lse   as   fo l lows:  

where PA = average power i n  w a t t s  
P = pulse  power i n  wa t t s  
t = pulse  w i d t h  i n  seconds 
T = cycle   t ime i n  seconds 

A new energy  based on the  summation O f  Pulse  energy and t h e  
cont r ibu t ion   due  t o  average power m u s t  then be  computed. 

where: EAP = pulse   energy + average power energy i n  
watt-seconds 

E = pulse  energy 
PA = average power 
pR = cont inuous power r a t i n g  of  a r e s i s t o r   s t y l e  

chosen   as  a s t a r t i n g   p o i n t  

Divide EA' by R t o  f i n d  the  energy  per ohm and e n t e r   t h e   c h a r t  
a s   p rev ious ly   d i scussed .  
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For the   spec ia l   ca se   i nvo lv ing  a capac i to r   d i scha rge  c i r c u i t ,  ' 
c a l c u l a t e  t h e  pu lse   energy   as   fo l lows:  

E = -  cv2 
2 

where: C = capac i tance  i n  f a r a d s  

V = peak  voltage 

- -  Extra_polation  For  Resistors  of Othe r  Types 

Normal ly ,   for   pu lse   appl ica t ions ,  wirewound r e s i s t o r s   s h o u l d  be 
se lec ted   because   the i r   per formance  i s  p red ic t ab le .  If o t h e r  
t y p e s   a r e   d e s i r e d ,   c a l c u l a t i o n s   b a s e d  on  wirewounds  should f i r s t  
be made and t h e n  t h e  power r a t ings   shou ld  be inc reased   fo r   t he  
r e s i s t o r   t y p e   d e s i r e d   a s   f o l l o w s :  

Metal   g laze:  1 . 5  

Me ta l l i c  t h i n  f i l m :  2 .0  

Carbon  composition: 2 .5  

Carbon f i l m :  2 . 0  

I t  should   a l so  be no ted   t ha t  t h e  r e s i s t a n c e  of carbon  composition 
and  carbon f i l m  r e s i s t o r s  may be expec ted   t o   i nc rease   a f t e r   pu l se  
a p p l i c a t i o n .  



APPENDICES 

The fo l lowing   appendices   inc lude   char t s  and t a b l e s   f o r   u s e  i n  
s e l e c t i n g   r e s i s t o r s  of var ious   manufac ture   for   spec i f ic   pu lse   appl i -  
c a t i o n s   a s   d e t e r m i n e d  by c a l c u l a t i o n  i n  the   foregoing   sec t ions .  

APPENDIX I :  Tables   for   use w i t h  Dale   E lec t ronics  EGS, R S ,  and G 
s e r i e s  wirewound r e s i s t o r s .  

APPENDIX 11: Charts   for   use w i t h  IRC-TRW, A S ,  PW, PPW, and RG s t y l e  
wirewound  and m e t a l   g l a z e   r e s i s t o r s .  

APPENDIX 111: E m p i r i c a l   r e s u l t s  of t e s t s  performed on s p e c i f i c  
wirewound,  metal f i l m ,  and carbon  composi t ion   res i s -  
t o r s  (SC-TM-559). 

APPENDIX I V :  A bibl iography of publ ica t ions   used   as   source   mater ia l  
f o r  t h i s  nomograph. 
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APPENDIX I1 

C h a r t  Reference G u i d e  f o r  AS R e s i s t o r s  

TKW-1RC Wirewound  R e s i s t o r s  

S I Z E  UNIT -- 
AS 1 / 4  

POWER RATING @ 125OC RANGE I N  OHMS - CHART  NUMBER 

1/4W . 2 7  t h r u  10 
10 t h r u  1 K  
1 K  t h r u  4.3K 

A 
B 
C 

AS 1 / 2  1/2w . 3  t h r u  10 
10 t h r u  1 K  
1 K  t h r u  7.6K 

A 
E3 
C 

AS -1 1 w  .15 t h r u  10 
10 t h r u  1 K  
1 K  t h r u  10K 

A 
B 
C 

A S - 2  2w .1 t h r u  . 2  
. 2  t h r u  10 
1 0  t h r u  1K 

D 
A 
E 

AS-2A 2.5W . 2 7  t h r u  . 7 5  
1 . 7  t h r u  1 0  
10 t h r u  1 K  

D 
A 
E 

AS - 2 8  3w .1 t h r u .   4 7  
. 5  t h r u  1 0  
1 0  t h r u  1 K  
1 K  t h r u  27K 

D 
A 
E 
F 

AS-2C 2w .1 t h r u  . 2 7  
. 3 3   t h r u  1 0  
1 0  t h r u  1 K  
1K t h r u  1 0  

I) 
A 
B 
F 

A S - 3  3w 

5w 

.1 t h r u  . 2 7  

. 2 7  t h r u  1 
1 t h r u  1 0  
1 0  t h r u  1 K  
1 K  t h r u  50K 

AS -5 .1 t h r u   . 4 3  
. 4 7   t h r u  1.8 
2 . 2  t h r u  10 
10 t h r u  1K 
1K t h r u  lOOK 

D 
G 
H 
I 
F 

I 



APPENDIX 1 1 - - C o n t i n u e d  

TRW-1RC Wirewound  R e s i s t o r s  

- S I Z E   U N I T  POWER RATING @ 125OC RANGE IN 0 - 
AS-7 

AS-10 

7w 

1 ow 

lHMS 

.1 t h r u  . 1 6  

. 1 6  t h r u  . 6  

.68  t h r u  2.7 
3 . 3  t h r u  1 0  
1 0  t h r u  1 K  

.1 t h r u  . 4 3  

. 4 3  t h r u  1.2 
1 . 3  t h r u  5 .2  
6 t h r u  27 
3 3  t h r u  1K 
1 K  t h r u  lOOK 

CHART 1: - \JUMBER 
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C h a r t   R e f e r e n c e   G u i d e  f o r  PPW Resis tors  

UNIT S I Z E  - POWER RATING @ 125OC - RANGE I N  OHMS - CHART NUMBER - 
PPW-2 2w 1 t h r u  1 0 0  M 

100 t h r u  1.6K N 

PPW - 3 3w 1 t h r u  100 M 
1 0 0  t h r u  1.6K N 

PPW - 5 5w 1 t h r u  1 0 0  M 
1 0 0  t h r u  1.6K N 

PPW - 7 7w 1 t h r u  1 0 0  0 
1 0 0  t h r u  3 K  P 

PW-10 low 1 t h r u  1 0 0  0 
1 0 0  t h r u  5.2K P 

PW-15 15W 1 t h r u  1 0 0  0 
1 0 0  t h r u  5.1K P 
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I C h a r t   R e f e r e n c e   G u i d e   f o r  PW R e s i s t o r s  I 
S I Z E  UNIT . 

I PW - 2 2W . 18  t h r u  10 (1 I I 

3w 

5W 

7W 

1 0  t h r u  I K  

.1 t h r u  10 
10 t h r u  1 K  

.1 t h r u  10 
LO t h r u  IK 

$1 t h r u  1 0  
1 0  t h r u  1K 

R 
.. 

S 
R 

T 
R 

?’ 
U 

pp: - 1 0 LOW .1 t h r u  1 0  
I I’d - 1 5 1 5W 1 0  t h r u  1K U ~ 

V 

Db,j - 1 8 18W . 2   t h r u   1 0  V 

2 2W 

20w 

30W 

4 OW 

1 0  t h r u  IK 

.18  t h r u  10 
10 t h r u  1 K  

. 2 4   t h r u  10 
10 t h r u  1K 

. 4 7  t h r u  1 0  
1 0  t h r u  1 K  

. 6 2  t h r u  1 0  
10 t h r u  LK 

P’J - 5 0 E 

U 

V 
U 

W 
X 

w 
X 

W 
X 

50W 
I 

. 8  t h r u  1 0  W 
1 0   t h r u  IK X 
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APPENDIX I11 

---- Determining Maximum Safe  Voltage 

The maximum s a f e   v o l t a g e   ( f o r   t h e   r e s i s t o r   u n d e r   t e s t )   v e r s u s  t h e  
res i s tance   va lue   ( for   each  of t h e  t h r e e   t y p e s  of  r e s i s t o r s   t e s t e d )  
i s  p l o t t e d  on t h e  graphs shown on t h e  fol lowing  pages  (Figures  1 
through 8 ) .  Data  Tables I through I11 fol low  each se t  of  graphs. 
The maximum safe   vo l tage   (Epulse)  i s  t h e  v o l t a g e   a t  w h i c h  t h e  
r e s i s t o r ”  d i d  not  change i n  Value  during a minimum of 1 0 0  pu lses .  
I n  most c a s e s ,   t h e  maximum pulse   vo l tage  i s  conserva t ive  by a t   l e a s t  
t en   pe rcen t .  The graphs  were  drawn s o  t h a t  t h e  lowest  breakdown 
vol tage  sets the   pa t t e rn   o f  t h e  curve.  Two examples i l l u s t r a t i n g  
t h e  use  of t h e  graFhs  follow. 

1. An a p p l i c a t i o n   r e q u i r e s   t h a t  a r e s i s to r   can   w i ths t and  
a pulse   of  2 k i l o v o l t s   a t  a pu lse  w i d t h  of 20 micro- 
seconds w i t h  a r e s i s t ance   va lue   o f  2 kilohms. From 
the   g raphs ,  i t  is  seen   t ha t   t he   fo l lowing   r e s i s to r s  
would  meet t h e  requirements:  8 

a.  Wirewound--3 w a t t s   o r   l a r g e r  
b. Metal   f i lm--1  wat t   or   larger  
c. Carbon  composition--1  watt o r  l a r g e r  

2. Ano the r   app l i ca t ion   r equ i r e s   t ha t  a r e s i s t o r   c a n  w i t h -  
s tand  a pulse  of 1 0  k i l o v o l t s   a t  a pu l se  w i d t h  of 20 
microseconds w i t h  a r e s i s t a n c e   v a l u e  of  1 0 0  kilohms. 
Again  from the  graphs i t  i s  seen   t ha t  t h e  following 
r e s i s t o r s  would f i l l  t h e  requirements:  

a. Wirewound--3 w a t t s   o r   l a r g e r  
b. Metal f i l m - - 1  wa t t   o r   l a rge r  
C. Carbon  composition--1  watt  or  larger 

If t he   pu l se  w i d t h  i s  narrower  than 2 0  microseconds,   then  the recom- 
mended maximum pulse   vo l tage  may be exceeded. If the   pu l se  w i d t h  i s  
wider  than 2 0  microseconds,   then  the maximum pulse   vo l tage  m u s t  be 
reduced.  Figure 9 shows how the   pu lse  w i d t h  a f f e c t s   t h e  maximum 
p u l s e   v o l t a g e   f o r   o n e   p a r t i c u l a r   c a s e .  

D u r i n g  all o f   t h e s e   t e s t s  t h e  d u t y  f ac to r   o f  t h e  pu lse  was always 
less  t h a n  one  percent ,   and  the  average power was k e p t   a t   o r  below 
t h e  DC power r a t i n g   o f   t h e   r e s i s t o r .  

*A m i n i m u m  o f   t h r e e   r e s i s t o r s  was t e s t e d  i n  o r d e r   t o   e s t a b l i s h  a 
r e i i a b l e  maximum safe   vo l tage .  
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TABLE I .. 

Wirewound Resis tors   Tested 

Po we r N o m i  na 1 Maximum Pulse Pulse 
Manufacturer  rating r e s i s t ance  s a f e   v o l t .  w i d t h  power 

and  type - -- (wat t )  (ohms) ( k V )  (!Jsec) (MW 1 -.- 

Dale NS-2 2 5 0  
Dale NS-2 2 100 
Dale NS-2 2 6 0 0  
Dale NS-2 2 1 0 0 0  

8 2 0  1 . 3  
1 2   2 0   1 . 4  
1 6   2 0   0 . 4  
1 4   2 0   0 . 2  

Dale NS-2 2 3 0 0 0   2 0   2 0   0 . 1 3  
Dale KS-2C 3 2 0 0 --.- 1 2   2 0  0 . 7 5  

- 
Dale RS-2C 3 4 9 9  
Dale KS-2C 3 1000 

1 4  2 0  0 . 4 0  
1 2   2 0  0 .14  

- Dale RS-2C 3 3 0 0 0   1 6   2 0   0 . 0 9  
Dale RS-5 

-I__- 

5 5 0  >10 20 > 2  
Dale NS-S 5 1 0 0  20   20  4 
Dale 133-5 5 2 0 0  24   20  2 . 9  
Eale RS-5 5 4 9 9  2 2   2 0  1.0 
Dale NS-5 5 1 k  2 0   2 0  0 .4  
Dale NS-5 5 4 k  < 2 8   2 0  0 . 2  
Dale NS-S 5 5 k  2 4   2 0  0 . 1 2  
Dale 135-5 5 6 k  20 2 0  0 . 0 7  
Dale NS-5 5 10 k 24   20  0.06 
Dale R S - 5  5 1 2  k 30  2 0  0.07 
Dale NS-10 10 5 0  >10 2 0  > 2  
Dale NS-10 10 100 > 2 4   2 0  > 6  
Dale NS-10 10 2 0 0  4 0   2 0  8 
Dale RS-10 L O  4 9 9  4 0   2 0  3.3 
Dale NS-10 10 1000 3 0   2 0  0 . 9  

Sprague 10 3 6   2 0  4 . 5  k 0 . 3  
Dale RS-10 10 4 . 9 9  k 4 8   2 0   0 . 5  

0 . 2  

_7 -- 
---. -. 

- Dale NS-10 10 10 k 45 
-1 2 0  - 

O h m i  t e  1 0  __I_-__ 3 0  k 2 0   2 0  -- 
Dale N S  -1 0 10 3 7  k 44   20  0 . 0 5  

- "-I-- 

...- Sprague 10 7 0  k 20   20  
~ l._l_-l_._ 

---I_ 

-- 
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TABLE I1 

Metal F i l m  Res is tors   Tes ted  - 
Manufacturer 

a n d  type  _- I-.- - 
I KC -MEA 
IRC-MEA 
I tic -MEA 
IKC-MEA 
.r X-MEA 
IKC-MEA 
1 XC -MEA 
I RC -MEA 

Power Nomi na 1 
r a t i n g  r e s i s t a n c e  
(wa t t s )  

I_ (ohms)  --- 

100 
178 
442 
825 
1100 
1540 
3480 
6191 

Maximum 
s a f e  volt. 

( v o l t s )  

200 
250 
200 
600 
1250 
500 
1250 
1000 

P u l s e  
width 
( P  sec 1 

20 
20 
20 
20 
20 
20 
20 
20 

P u l s e  
power 

(wa t t s )  

400 
350 
90 

450 
1400 
166 
400 
160 

P KC -MEA --- 1/8 11 k 1250 20 145 - I RC -NEB 1/4 100 150 20 225 
I RC -MEB 
I RC -MEB 
I .<c -rw,B 
IKC-b1EB 
I ;iC -I\:IEB 
I KC -MEB 
I RC -NEB 
1 KC -P?EB 
1 AC -I"..IEB 
IKC-NEB 
I . X  -NEB 
I KC -MEB 
I ;iC -ME B 

I IKC-MEB 

196 
365 
750 

1050 
1960 
4220 
10.5 k 
20 k 
40 k 
60 k 
75 k 

100 k 
150 k 
215 k 

200 
300 
400 
700 
1250 
1750 
1500 

2 kV 
3.5 kV 
5 kV 
6 kV 
7 kV 
7 kv 

12 kV 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

200 
250 
210 
490 
800 
700 
225 
200 
300 
400 
480 
500 
330 
700 

I 3 C  -MEB 1/4 487 k 12 kV 20 
IKC-MEC 1/2 100 400 20 

---.-----_-_- 300 - 
1/2 

1.6 
I .RC -MEC 200 600 20 1.8 
IRC-MEC 
1 KC -MEC 
I KC -MEC 
i RC-MEC 
I KC -MEC 
I KC -MEC 
IRC-MEC 
i 3C -MEC 
I RC -MEC 
I RC -MEC 

' IRC-MEC 

300 
600 
1000 
1620 
3160 
5900 
8600 
50 k 

100 k 
464 k 
750 k 

600 
700 
800 
1500 
>1500 
>2000 
2000 

6 k  
7 k  
16 k 
16 k 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

1.2 
0.8 
0.6 
1.5 
0.8 
0.7 
0.5 
0.7 
0.5 
0.5 
0.3 

I RC -MEC 1/2 909 k 16 k 20 
IRC-MEF 1 200 6 0 0  20  1.8 

' 1 ;IC-PIEF 1 1 k  2 k  20 4.0 

--- 0.3 

1 10 k 8 k  20 IRC-IvlEF 6.4 
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Metal F i l m  R e s i s t o r s   T e s t e d  
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TABLE I11 

Carbon- Composition Resistors  Tested 

Manufacturer 
and  type 

Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 
Allen-Bradley 

I 
1 
1 
1 
1 

Nominal 
resistance 

(ohm), 

5 1  
1 0 0  
2 0 0  
3 0 0  
500 
7 5 0  

1 0 0 0  
2 0 0 0  
5100 
7 5 0 0  

1 0  k 
51 k 
7 5  k 

1 1 0  k 
1 5 0  k 
2 0 0  k 

51 
1 0 0  
200 
3 0 0  
5 0 0  

1 , 2  M 

1 k  
2 k  

20 k 
5 6  k 

1 0 0  k 
1 6 0  k 
3 9 0  k 

1 M  
51 

1 1 0  
2 0 0  
2 4 0  
3 9 0  

1 k  
2. 2 k 
3 . 6  k 
6 . 2  k 
9 . 1  k 

2 0  k 
3 9  k 
6 2  k 

2 2 0  k 
1.1 M 

Maximum 
safe volt. 
(volts) 

2 0 0  
5 0 0  
5 0 0  

1 2 5 0  
2 0 0 0  
2000  

7 5 0  
2 k  
2 k  
2 k  
4 k  
6 k  

9 k  
1 0  k 

8 k  
1 0  k 

a k  

7 5 0  
7 5 0  
7 5 0  
7 5 0  
7 5 0  

2 k  
2 k  

1 2  k 
14 k 

7 k  
11 k 
1 2  k 
12 k 
>1 k 
>1 k 
> 2  k 

8 k  
8 k  
8 k  

1 2  k 
1 4  k 
1 6  k 
1 4  k 
2 0  k 
18 k 
18  k 
18 k 
18  k 

Pulse 
width 
(11 sec 1 

2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
20  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
20  
2 0  
2 0  
2 0  
20  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
20  
20 
2 0  
2 0  
2 0  
20  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
20  
2 0  
2 0  

5 

Pulse 
power 
(kW) 

0 . 8  
2 . 5  
1 . 2  
5 . 0  
8 .0  
5 . 0  
0.6 
2 .0  
0 . 8  
0 . 5  
1 . 6  
0 . 7  
0.9 
0.7  
0 . 7  
0 . 3  
0 . 1  

5.6 
2.8 
1.9 
1.1 
4 . 0  
2 . 0  
7 .0  
4.0 
0.5 
0.8 
0.4 
0 . 1  

> 2  
> 1 . 0  

> 2 0  
2 5 0  
1 3 0  

6 4  
6 7  
58 
4 0' 
2 2  
2 0  

8' 
5 
1.4 
0 . 3  

11 

38 
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-. The following  graph  (Figure 9 )  shows t h a t   r e s i s t o r   l i f e  i s  a func t ion  
of  pu lse   vo l tage  w i t h  varying  pulse  w i d t h s .  From t h e  graph, i t  i s  
seen   tha t   the   nar rower  t h e  pulse   width t h e  longer  t h e  l i f e   o f  t h e  
r e s i s t o r .  For  example, a pulse  of 8 0 0  v o l t s  w i l l  open t h e  r e s i s t o r  
i n  l e s s  than 1 0  p u l s e s   a t  a pulse   width  of  1 0  microseconds;  on t h e  
other  hand, t h e  r e s i s t o r  w i l l  s t i l l  be  good a t  t h e  end  of 1 0 0  pu l se s  
a t  a pu l se  w i d t h  of 1 microsecond. 
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Figure 9. Pulse W i d t h  vs. Maximum Pulse  Voltage 
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	Dale KS-2C
	5 1k
	<28
	5 5k
	5 6k
	5 10 k
	5 12 k
	4.5 k
	10 37 k
	2 kV
	3.5 kV
	5 kV
	6 kV
	7 kV
	7 kv

	12 kV
	kV
	>1500
	>2000
	6k
	7k
	16 k
	16 k
	16 k
	IRC-IvlEF
	1 10 k 8k

	2k
	2k
	2k
	4k
	6k
	9k
	10 k
	8k
	10 k
	2k
	2k
	12 k
	14 k
	7k
	11 k
	12 k
	12 k
	8k
	8k
	8k
	12 k
	14 k
	16 k
	14 k
	20 k
	18 k
	18 k
	18 k
	18 k

